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Specific Gravity: A Useful 
Coin Attribute 


Appearing with increasing frequency in numismatics 
the terms density and specific gravity, understood 
by many collectors, are yet cloudy to others. To 
some the words are complete strangers. The aim of 
this article is to give insight into the concepts, 
to detail the method for their determination and to 


illustrate useful numismatic applications. 


Although fundamentally different, density and specific gravity are, none the 
less, determined in the same way. Both terms are used synonymously to express 
eo the “heaviness” of a substance - in this case the metal in a coin, token, or medal. 


isity and Specific Gravity both describe the degree of weight concentration that 


_ 


coin has by a number peculiar to the metal or alloy constituting it. The number 
is characteristic of the metal and remains constant, even for a well-worn coin. 
his is so because the number called density is derived by dividing the weight of 
a coin by its volume. As a coin wears away the weight and volume both reduce at 
the same rate, so that the density remains unaffected. Thus, although a coin is 
yorn it is still possible to determine whether or not its specific gravity matches 
that of the alloy of a known-genuine piece, as an aid to authentication. A weight 
comperison would not be meaningful since en allowance for the amount of wear could 
not be accurately made in making a judgment of coin composition. The weight 
tolerance on uncirculated coins can vary several percent, making specific gravity 


of value in this case also. 


This, then, is a quick look at the terms and one possible application. 
Before proceeding on, some groundwork of a basic nature is warranted, however, 
to be followed by the method for determining density or specific gravity and 
useful applications for the numismatist. 

DENSITY 

It is basic that coins struck in magnesium and in gold from the same dies 
would be vastly different in weight. Likewise, pieces in tin, silver, lead, 
nickel, etc., would have different weights, varying from each other, but within 
the boundaries of the light-weight and heavy-weight, magnesium and gold. Ifa 
way of expressing this attribute of heaviness, or relative weight concentration 
were available to the numismatist he would have a way to help assay the composition 
of a coin, having once determined this heaviness. 

Density or specific gravity is the ready means for making this comparison, 
and doing it at no danger of damaging the coin. Both of these scales are based 
on the weight of water as a standard, or reference. The equal size coins in 
different metals in the foregoing example would be scaled by density by weighing 
also the amount of water needed to just fill the cavities of both dies. If the 
water were found to weigh two (2) grams the volume of both die cavities, (hence 
the coin volume) would be two (2) cubic centimeters, since in the International 
Metric System the gram is taken as the weight equal to the volume of one cubic 


centimeter (a cube 1 centimeter on a side - about 4/10 inch on a side, the size 


of a cube of sugar). 
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For the aluminum coin this is 83.3 grains/30.8 grains, or 2.7, and for silver, 
32h, grains /30.8 grains, or 10.5. These are the seme numbers obtained for densi- 
ties, using Formula 1, except that in this case no units are used. The specific 
gravity is simply a ratio expressing the weight of the coin as "times as heavy 28 
the same amount of water". Any units of weight can be used, provided the same 
units are applied to both the coin and to 4ts equivalent water volume weight. 
TIMPERATURE aS A Factor?) 

Since both metals and liquids change in volume with changes in temperature 
it is important that a temperature reference be specified with the given density 
or specific gravity. Normal room temperature (20°c, 68°F) is the usual standard 
for metals. When density is given, water at 4°C is the standard, since the 
International Gram by definition is the weight of 1 cu. cm. of water at 4°C. When 
specific gravity is used it is usual for the value to be referred to water at its 
most dense condition, 4°c (39.2°F). Since varying interpretations cannot be 
given the term density, this is the preferable term. A correction factor can be 
readily applied to specific gravities (or densities) determined with room tempera~ 
ture water to correct them to the standard 4°¢ point, as will be discussed for 
typical calculations later on. 
TABLED SPECIFIC GRAVITIES 

Average Specific Gravities for a variety of pure metals and alloys applicable 
to the field of mumismatics appear in Table I. These were compiled from various 
reference sources, as noted. 

Small differences may exist in a given specific gravity for the same metal 
from one reference to another. These are due to variations in sample purities, 


different types of material not always defined (rolled, annealed, cast, etc.) and 


in the care used in determining the specific gravity- 


Differences in weight between equal volumes of different metals or alloys 
are due to unlike weight concentrations of the material. ‘The atoms vary from 
one element to another both in their individual weights and in their lattice 
structures. The latter refers to the three~-dimensional pattern that determines 
how the atoms pack together - tightly bunched, uniformly spaced, or set up in 
layers or planes. The large variety in these factors is clearly shown in Table 
I. A great range exists - from magnesium at 1.74 to platinum at 21.4, with 
the popular coinage metals concentrated in the region of 8 to 12. 

The specific gravities for alloys of gold, silver, lead, copper and 
aluminum in varying ratios appear in Curves 1-7. In each curve a straight line 
connects the specific gravities for the 100% (unalloyed) state of each metal as 
@ reference. Data from available tables of specific gravity of various alloys 
of the two elements have been plotted, and the entire range is represented by a 
smooth curve based on these points. A broken line estimates the relation in 
regions not covered by available data. It is interesting to note that in general 
the specific gravities deviate from the equal proportion line, with the maximum 
accuracy near the 50/50 alloy point. In Curve 2, for example, a 50% lead - 50% 
tin alloy by the proportion line would have a specific gravity of 9.3 (mid-way 
between 11.35 (pure lead) and 7.3 (pure tin). ‘The plotted data indicate, however, 
a specific gravity of only 8.9. This downward bow characteristic is especially 
pronounced in Curve 1, where a 50 Au 50 Cu alloy has a specific gravity about 
15% below the proportion line value. In Curve 6 the graph for copper-zinc (brass) 


bows upwards, while the copper-tin, (bronze), Curve 5 closely follows the pro- 


portion line for alloys having up to 10% tin. 


Specific gravity can be a valuable help in identifying the composition of 
@ coin. It can be used to reject the authenticity of a coin, but not necessarily 
as an assurance of its genuineness. These and other applications will be con- 
sidered after locking into the way that specific gravity is determined. 
COIN VOLUME DETERMINATION 

An important step in deriving the density or specific gravity from Formulas 
L and 2 is accurately determining either the volume of the coin or the weight of 
@& volume of water equal to the volume of the coin. And this without defacing 
the coin by sampling or otherwise damaging the piece. Fortunately for numismatists 
the problem was solved millenniums ago by Archimedes, the noted Greek scientist. 
Reputed to have noted the rise in water upon his entering the bath he conceived 
the law of hydraulics bearing his name to this day. The "Iaw of Archimedes” states 
that an object partly or wholly immersed in a fluid loses weight equal to the 
weight of the fluid displaced. He used it when engaged to determine the fineness 
of a gold crown crafted for King Hieron II of Sviacuee 

A practical demonstration of this law is in the perceptible increase in 
effort needed in hauling up an anchor as it starts out of the water. A useful 
analogy to the numismatic application is the following. Let us visualize a light 
weight hollow ball of magnesium filled with water, attached to a spring scale and 
lowered slowly into a barrel of water. The scale would read less and less as 
the ball lowered, settling at almost zero with the ball fully sutmerged. The 
water within the ball would now be held in suspension by the water. Now place 
the scale under the ball and pump the water from it. The scale would now show 
an increasing upward force on it, reading, with all water pumped out, approximately 


the same as the air-suspended weight, and indicating the buoyancy force of the 


water. 


The suspended balls appear schematically in Fig. 1, showing the effects of 
water suspension upon a weightless (empty) ball filled with 1 Kg (2.2 1b) of 
water. At 50% water suspension the scale reads 50% of the air value, or 0.5 Kg 
(1.1 1b) and at the fully immersed, fully suspended condition, no weight at all. 
Archimedes’ Iaw can now be put to use in determining the specific gravity of the 
contents of the assumed weightless ball. The weight of weter displaced by the 
ball obviously, must be equal to the weight (in air) of the ball, since the ball 
is all water, end just duplicates the water it forced out of the way in its fully 
immersed condition. Modifying Formula 2 to incorporate Archimedes’ Law, then 


results in: 


Weight of object in air 
Weight of object in air - weight 
of object in water 


(Formula 3) Specific Gravity = 


Substituting the scale readings from Fig. 1 yields 


2.20 lb 


Specific gravity (of water) = 530 ib - O 1b L 


in Fig. 2 the ball is made of a magnesium-aluminum alloy weighing 2 Ke (4.4 
1b) in air. When submerged 50% (to its “equator") the scale reads 1.50 kg (3.3 lb) 


and at full submersion, 1 Kg (2.2 1b). Using Formula 3: 


Pes rn Weight of object in air 
Specific gravity (¥g-Al alloy) = Wine oF oe in air - 


Weight of object in water 


kk 
fa ae 
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The specific gravity of 1 of the water reduced the weight of the ball by 50% 
when it was fully submerged. The above technique is the basic one used in 
determining the specific gravity of coins, tokens and medals, using eppropriate 


weight units and a small correction factor for water temperature. 


THE HYDROSTATIC WEIGHING ARRANGEMENT 

The hydrostatic weighing method is generally used for determining the 
density/specific gravity of coins, tokens and medals. Meaning, literally, the 
"still water" method, the scheme can be used with a variety of laboratory balances. 
Figs. 3 and 4 show the two general arrangements for using an analytic balance 
to conveniently weigh the coin in air and while suspended in water. An auxiliary, 
or water pan is hung from the same beam point as the main, or air-pan. Many 
balances are equipped with a hook just for this purpose. 

In Fig. 3 t+ single~pan beam balance is provided with a convenient adjust- 
able platform between the pan bows to support a beaker of water in which the water- 
pen and the coin are suspended. An equal-arm type balance is arranged in Fig. 4 
to have the waterpan attached to a bottom point of the air pan. If the base of the 
balance projects under the air pan it might be drilled to pass a support wire with 
generous clearance. If this is not possible a water vessel support platform might 
be arranged as in Fig. 3 provided pan bows can be used to give the needed room for 
the vessel. The Fig. 4 arrangement has the advantage that the diameter of the 
water container is not limited by the spacing of bows, as in Fig- 3. This makes 
pan access easier, and increases the clearance between pan and vessel to reduce 


the possibility of the pan rubbing against the well. The fig. 3 azvrangement 


requires close attention to keeping the air pan free of an occassional water drop 


thet may spill down during the removal of the coin from the water pan. Fig. % 
scheme is free from this possibility. Large module medals can be conveniently 
handled by Fig. 4 om an oversized pan, whereas this might be a problem with the 
‘Pig. 3 scheme. 

The water pan should be designed to have a safe surface for coins and be 
supported by 3 wires meeting to join to ea common fine wire up to the hook, to 
ninimize tipping and touching of the vessel wall. Only the single vertical wire 
should pass through the surface of the water so as to minimize the error due to 
surface tension of the water on the wire. The pan should be concave so that coins 
will tend to move towards the center when placed into the pan with protected tip 
tongs. Some clear plastic or metal food containers can be made into serviceable 
pans. A bottom may be cut from a plastic-coated aluminum soup can, for example, 
to form a dish-like pan. This can be cold-worked with the end of a broom handle 
to form a concave bottom. To make it easier to grasp the coin with tongs a plastic 
pan might be used and have plastic knobs cemented around the inside surface to 
give space for inserting a tong under the coin. Some plastic may need weighting 
to keep it immersed and care should be taken +0 prevent air bubbles being trapped 
between the weights and the pan. It is important that the coin be arranged 
vertically when passing it into the water to prevent air bubble entrapment on its 
under surface. Air bubbles simulate a larger coin and create errors in the specific 
gravity determination. 

SPECIFIC GRAVITY DETERMINATION 
Three weighings are made to provide numbers for use in the weight /volume 


relationship for calculating the specific gravity. With the water pan properly 


immersed and the coin not in either pan a reading referred to as the null is made 


+ 10: = 


and recorded in the (No. 1) space on a data sheet, as arranged in Table II. The 
dry coin is now placed on the air pan, balanced, and the (No. 2) weight recorded. 
Then the coin is placed in the submerged water pan and the balance is restored 
and recorded (No. 3). The null belance is subtracted from the "coin and air pan" 
and "coin and water pan" weighings to give the weight of the coin above in air (A) 
and in water (Ww). The latter two are subtracted (A-W) to provide the buoyancy 
weight, (eugqalling the coin volume) and this is divided into the coin weight in 
air (2) to provide the apparent specific gravity. A correction is obtained from 
Table rr), corresponding to the closest figure in the table to the calculated 
apparent specific gravity. This is subtracted from the apparent specific gravity 
to give the true gravity. The foregoing sounds much more complex then it is in 
reslity. A data sheet can be made up in columnar form to provide space for many 
determinations, using the common itemization in the left hand column to locate 


the appropriate posting line in each data column. 


SPECIFIC GRAVITY AS AN AUTHENTICITY CRITERIA 

By comparing the determined density with the published value a judgement can 
be made on the coin authenticity. If the density does not agree, the coin can 
be labeled a forgery. A reasonable allowance for inaccuracy in the determined 
value must be applied in meking this comparison. 

Assume for instance that authenticity of a ducat found to have a specific 
gravity of 16.45 is to be evaluated. ‘The original is stated to be of gold-copper 
alloy of 875 fineness. If the specific gravity is not stated it can be approxi- 
mated from Curve 1 as 16.70. The determined specific gravity differs from the 
alloy curve value by .25 out of 16.70, or 1.5%. If, from experience the accuracy 


of the determination is known to be within 1/2% of true and a 1/2% error allowance 


is made for the curve there still remains a 1/2% deviation. Conclusion - it is 


highly probable that the ducat is a counterfeit. 

Specific gravity as an authenticating criteria is not reversible, however. 
That is, the fact of specific gravities in agreement does not in itself certify 
authenticity. If the determined specific gravity had been found to be 16.63, for 
instance, agreeing very closely with the standard of 16.70 this should not de 
inferred as proof of authenticity of the coin. one report (3), in the case of rare 
Greek coins indicates that forgers researched the compositions of the originals, 
duplicating them to have their product meet any test of specific gravity that 
might be made. If the specific gravities agree other areas must be used for making 


a judgement on the authenticity. 


DETERMINATION OF ALLOY FINENESS 

Most older silver coins are of binary alloy composition, i.e., they are of 
silver-copper content, with perhaps traces of other elements as impurities. Silver 
coins of the current century are not necessarily as simply constituted, and deter- 
mination of their composition from their specific gravity alone is not feasible. if 
the quaternary alloy types of Sweden and the United Kingdon (fable I) are spotted on 
Curve 3 for silver-copper the effect of the nickel and zinc is apparent. For the 
determined specific gravities the Swedish piece, if considered as a silver-copper 
alloy would be indicated as 58 Ag 42 Cu, whereas these two elements are, in reality 
4O Ag 50 Cu. Likewise, the British pieces would indicate 4o ag 60 Cu - the true 
portions being 50 Ag 40 Cu. 

The foregoing shows the impropriety of an assumption of a binary constitution 
for every "silver looking" coin. Coins struck before WWI, however, and having a 


characteristic silver appearance may reasonably be assumed to be of binary composition, 


with copper as the alloy. 


Using this assumption a determination was made on a Brazil 960 Reis of 1814 
as reported in Table II. 

A reference to the plot of Silver-Copper alloy vs Sp. Gr-., Curve 3, assigns 
a@ composition of approximately 960/40 for the determined specific gravity of 10.40. 
This is verification of the high fineness of these counterstruck Spanish pieces of 
eight Reales. 
BALANCES 

The author made all specific gravity determinations in this report (and many 
others too numerous to detail) on an accurate yet relatively inexpensive Ohaus 
eianes of the style shown schematically in Figure 3. He acknowledges with 
appreciation the lean of the instrument for this study by Mr. Raymond A. Byrne of 
Pittsburgh. 

Coins and medals from 3 - 125 grams were weighed on ao precision substitution 
type analytical balance of stated sensitivity and accuracy of 0.1 mg and used as a 
standard of comparison for their weights on the Ohaus Model 310. Values were found 
to be within the stated accuracy of the balance. The 0-10 gram dial with vernier 
provides convenient and quick readings. This balance should be included in any 
evaluation of instruments of 10 mg sensitivity for purchase by coin clubs or indivi- 
dual numismatists. | 

Valuable general information on definitions of terms describing the performance 
of analytical balanceSare given in a product Sateieaue®?? of the highly dependable 


Wm. Ainsworth & Sons, Inc. A complete line of high-accuracy balance is featured 


by this company. 
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ACCURACY OF RESULTS 
The accuracy to which specific gravity is determined from one set of three 

weighings is much less than the accuracy possible in determining the coin weight 
alone. To illustrate, assume that the specific gravity of a 10.00 gram silver coin 
is determined by the hydrostatic method (in one set of readings) to be 10.17, using 
a balance having 10 milligrams (.010g) stated accuracy. How much reliance can be 
placed in this determination? Is the true specific gravity within 1/10 of 14 of 
10.17, (the accuracy of weight measurement represented by 10 mg in 10 grams, the 
stated accuracy of weight measurement)? To evaluate the worth of the determined 
specific gravity we can assume maximum and minimum weight indications for a specific 


gravity of 10, as follows: 


max. wt. 1LO.OL LO.O1 


Min. Sp. Gr. aed max. wee - min. wt. wt. = min. wt. = I0.01 - 8.99 = -99 = “Tl. 02 = 9.81 


— min. wt. es 9-99 aa 9. _ 
eee Ss GE Sie a ee ee <a = 10.19 


This means that the tolerance on a determined specific gravity of 10 for a 10 gram 
coin is +.19, or +1.9%. ‘his is 19 times less accurate than a single weight measure- 
ment! Applying this tolerance to the determined specific gravity of 10.17 gives the 
true specific gravity as being within the range of 9.98 to 10.36. 

Results of calculations in this manner for imaginary coins of 5, 10 and 20 


grams weight and 5, 10, 15 and 20 specific gravity appear in Table Ivy. From the 


tabled results the following deductions are made: 


- Ih = 


1. For coins of the same weight, but of different metals, the specific 
gravity tolerance increases in proportion to the increase in specific 
gravity. Example: A 5 gram coin of specific gravity 20 has an &% 
tolerance - two times that of the silver coin of Sp. Gr. 10, at 3.8%. 

2. For coins of the same specific gravity, but of different weights the 
specific gravity tolerance increases in proportion to a decrease in coin 
weight. Example: A coin of Sp. Gr. 10 weighing 20 grams has a Sp. Gr. 
tolerance of 0.9%, while a coin half as heavy (10 grams) has double the 
tolerance (1.9%). 

Table IV has been divided into two parts to show the increased inaccuracy 
inherent in determining Specific Gravity of lighter coins having high specific 
gravity (silver, gold), and the advantage of heavy coins over lighter ones. 

One might question the value of specific gravity determinations based on the 
apparent high inaccuracies, especially for lighter coins of high specific gravity 
(silver and gold). ‘The tolerances can be greatly reduced (confidence in the value 
increased) by making many determinations and using themean, or average of these 
results. The mean is the best measure of central tendency mathematically available, 
and will more closely approach the true specific gravity as the number of determi- 
nations increases. Five or six determinations would appear to be a reasonable 
number for smaller coins and three or four a suitable number for the larger crown 
sized pieces. By calculating the specific gravity for one trial and the mean for 


2, 3, 4, ete., determinations one could obtain an idea of a reasonable number of 


determinations needed. 
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It should be recognized that Table IV is based on use of a 10 mg accuracy 
balance, - not a particularly accurate instrument. for those fortunate enough to 
have use of a balance of greater accuracy the table would be correspondingly 
reduced in tolerance, and fewer determinations would be required for averaging 
purposes. For al mg. (.00lg) accuracy balance, for instance, by using the 
technique previously described the tolerances in Table IV would be found to be 
only 1/10 of those shown. The 10 gram, Sp. Gr. 10 coin of the previous example 
would have a specific gravity tolerance of 0.19% for one determination, rather 
than 1.9% as for the long balance. 

CONCLUSION 

This paper is only an introduction to the possibilities for the use of this 
highly valuable coin attribute - specific gravity. ‘The author, based on his brief 
encounter with Spanish silver fineness described herein, can only feel that the 
use of specific gravity measurements in key areas would provide a new wealth of 
numismatic knowledge. Information on the fineness of the many escudos so completely 
described in a recent srticie on the 1715 Spanish galleon gold, for example, 
might lead to new facts about the sources or the distribution of gold to the various 
new-world mints. Coins with illegible mint marks might take on new meaning through 
identification with an alloy peculiar to a particular mint. 


Much numismatic knowledge can be gained though the medium of specific gravity. 


The cited references should be a good start for those interested in digging deeper. 
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% Composition, Specific 
Netal/Alloy — = Symbol See meme: Cl | eee ee ee 
Copper ~Zine 70 Cu 30 Zn 8.56 8 Curve 6 
(Brass ) 
Columbium Wb S.k a 
Stainless Steel 7.8 + 8.0 4 Italy, Turkey 
Tron Fe Pure 7.85-7.88 a 
Copper-Aluminum 90 Cu 10 Al 7.69 & Curve 7 
(Aluminum bronze ) 
Tin Sn 99.9 plus 7.29 b 
Zine 7n 6.92-7.19 a 
Antimony Sb 6.65-6.72 a 
Aluminum Al Commercial 28 2.7L g 
Magnesium Me 1.74 & 


Source Code; 

ao Handbook of Chemistry & Physics, 43rd Ed., Chemical Rubber Pub. Co., Cleveland, 1961. 
b. Properties of some Metals & Alloys, International Nickel Co., Inc., New York, 1953. 
c. Copper Wire Tables, NBS Handbook 100, U. S. Dept. of Commerce, 1966. 

d. A DPextbook of Inorganic Chemistry, Vol. VI, Cc. Griffin & Co., Ltd., London, 1936. 

e. U. S- Bureau of Standards, Scientific Paper 410. 


> 


g- Metals Handtook, American Society for Metals, Cleveland, 1939. 


h. Investigations of John A. Nelson, Pittsburgh, 1967. 
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16.0 - 21.0 added by J. A. Nelson. 
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Specific Gravity Tolezances for a Single Determination made 
with a Balance of 10 mg (0.010 gm) stated accuracy. 


a ar ee ome ANE ae 
es CRT OO TAR TW BE RR RRS LS SIE a Be A PO DOOR EE SE TEEPE ST Dans SES ER 


Coin n Weight in Gr Fems 
EEE LESTE OEE TI TD TE ey 


Nsacticslasiesesiicaeuascsdiameniostacioamea simu = LEE EARS 


inaccuracy 
of more than 2% 


20 
oJ = fnaccurat 
emma hag OT 
o41 
18 24 
| 
1.8 | 


-¥ 


oka ‘ae © tb. 


___ io tunes IMMERSION) —— — ee 


(HALE IMMERSED, , 
ALE sus uDeD 


J { (Fulty IMMERSED 
2 FIG. FULLY SUSPENDED) 


WATER BALL, SG, =f 


& Mag nesivm- Aluminem a 


Bal, $.G. =2 


PAW 


Bows f. .@ * 
mat ON 
WATER he | ) 


PAN 


WATE R. 


vESSEL SUPPORT 
PLAT FORM 


FiG. 3 
WATEL"-PANY OVER AIR-PAMW 


ARLANGEMENT — USING 
SINGLE PAN BEAM BALANCE 


VESSEL | 
Coe ay 


COIN In 


WATER 
PAN 


er & IG A 


AlR-PAN OVER WATER - PAN 
ARRANGEMENT - USING 


e EQUAL™=ARM BEAM BALANCEL 


ALIAVYYA® 


i Li 


7 
A 


90 


Hg Str 


fas" 


100 


Is ZO 


~[O3> 


VE Grae 


_- Cm fof 


a 
t Oe 


im pow 

te i © ape | 

Yo sam sen 
ae gS 


eaBansahs teat eth Apr ere rete tore nye 


C7OLD 


PURE LEAL 


ee 
PO ae 
¢ Ps v 
arr ee 
P 
b 
Pd 
"i ? 
‘ “af 5 
wa ’ f baal lat 4 
é y 
srs nr Pe SEO RU Pein bitrate ensenitadnssanneetsinalsaneinnedatpucinieninenobtisatienebntisnine sh 
ats 
> 


sini kien ahi ict nt lithic a sith Ni akin i ited iccasinsallth 
speememneaie, 
Fe pepe 
= r | 
canrersnneaenanUOqERRT RAND TIENNET, 
» a 
; . 
| 
7 
» 7 fim 2 
f 
é eT 
} 
H 
' 
Roce 
‘| 
i 
a ; 
& 
al 
rt 
Vt 


_ 
C2 
4/4 
3 


e 
2 
a 
o 
+ 


} 
; 
; 


PIRAAARAE TD RY terete nantes neetnenet eet 


a 


t 


; 


™~ 
ft, c~ 
J pe 
Ws 
~~ ~~) 
tS S 
~ 
{yy 5N4 
WA > 
ae 
£3 CF 
iy € > 
0 °O 
eC 
C 


oe oto werlren sien weet ranges 


d rae 
[yy - 
PG 

ra SS 


‘ : ‘Eanes 
‘ ~ 
} \ 
‘ ~ 
| ‘ 
H ‘ < 
i rae a 
i sa 
' \ « 
i = 
4 ~ 
; aH 
H “ pate 
5 A 
. z 
~ 
ne 
\ 
; 
abe ° ~ 
Bs 
“te 
~ 
pT 
~ 
Fae 
~\ 
> 
~N 
ps 
~\ 
. ~~ 
: ~ 
{ = 
. 
t 
a eesnearvime neerecnnpn neue sennronsnapeonsavettsunspnniusiap ones snes ent COR Athan ete NR SROITY SAAT EAE sasune sm qaaen 
‘ ‘ = , 
any ~) "é ; Yaga - * a = z 
nn, Fa oo Pa AT Sa 40 Of f 1D 
Po DO £0 ee 
, 
P a / ee s 
5 2 Zio 59 ov rae, 
y OY ice 
lo LO 
np nt 
SO pe PP a I et tee : Tees z 
ef ae ew FY « af Gomnss: 6 fr j 2 
2 ‘ é : \ oo at ‘ » 
Carp tne eS RTD Chee Une tON ~ => ro eat) 


oe rome 


i d 
; ae ww - 
, 
7 “ 
; 
, 
; , 
: 1 hm 
\ ' 
; 
j “g 
| ; ‘ ws 
} ; SHS. yi 2 
H ’ | N\ 
| - .. os 
} = ~ ~~ 
; V4 Pony ie PA 
Lae Nor 
, ~ ne ~ i 
\ 
p.4 < 
in », @ = 
* . 
3 % ? ’ 
i a W« 
YRS ‘ : — 
> 8 x + 
ow F ™ S vy 
~ Vie 
~~ —~Ye) 
r. § . ae Ge 
; X oi 
bo 
\ ‘ ~ ~~ 
j ae . \ x 
’ “ \ \ 
i se ~~ 
ae A | a 
a | \ 
tae | 2 
t * 
H \ \ 
5 “ ’ 
oa 4 Ne 
2 por ‘ 
GH. 0 : a \ 
ot . ~ 
. ? pe 
i ! \ 
R1 BS 
yes zs KE 
~\ \ 
i 
; 
s ‘hae 
wi 
>>) me 
. f B 
; 
\ 


EER at Sn pet AORN tk | eam eR te Aad 


Bases, ; 3 . A 7 = 
a 42 LO 5D 50 ale. ‘2 é ' 


‘) 
a > > some) 
> 
» y . 
is a, re m@ i 
i s 
| 
} 
re RR RN RR SRE mr Rn fee tt ne ene ee 
FTIR ERE eT TR rE 


w~» >? i i> = , = y é 
y , 4 poe fo oa j “en “— . 
lo CS 7/02 Yo 70) Bo SO GD oO SE 6? | JO oe 


u 


7 
é 
“ 
< 
, 


mats 


7 
‘— 


PEE PTC ITER SPT 


—f 


@ 


seed 


Pi 


rat 


y KX p 4 
ae nd 


mene Ee eee 


% 


~ ny .. a 
. a ¢ a 
£48 os tg mak gt 
. * a 3 s 
a7 > * 
a j \ + : + 
tA J ; othe Lt ; 
‘ os ; * . 
iW : . “ . 
vs i . i Ps 
a re vi} . 
é y oi r j 
? 4 is to : 
FEES 2 | we si 3 
~ e @ 
& gede mu . . 
fas IR 7 $ : 
s ot OL Val d a 
< 
Poms 
— . ® 
. « & . ‘ : 
J ; ‘ ' 
tu . hy ‘ 4 | 7 
st : 5 . 
- ‘ view 
. > @ - i 
. ,F £4 ; 
‘s ; mx : ; 
Poi Pta eA B.S i ams VU. : ‘ 
¢ y re eS 4 F% | > #7 : V 
; ¥ +] ; 
. waters * % 
% ~ ‘ SF ~ 4 nin € ; 
S on wed one ° - = 


WORK SHEET 
WESTINGHOUSE FORM 8295 E 


a A LL AE ae re pce ta ene nnn ose 
ee $$$ $n 


O_ AND IZ-VOLT AleINTENSITY ZL = 


is Se pie rere eles atten ees Stennnreneeele be os 
ATED ATELY FATED CALC, RATED @ _ bor : . R 
CAMP NO. _|IPE yol7TS AMPS wes, WATTS CP LUMENS seh eon rod ises , 


[Daz eae 


—WWeres = lee ons = 4iNCPe 
» |\Feuder Delmar FE 


Pleat Aono ea ee 


s ORM 176 er 


WESTINGHOUSE. ELECTRIC CORPORATION 
CURVE NO. 


eee nwewbe 
eS Se SE EE See ea SEES 
i e are 


ae r ss SJ LT RE Be 4 t i 
> Setdedten ite tan tan i area teen eee 2 ~ > - - ~ . F i 


+ 


s 
a 


= NER 
2 OKT REE 
mA Fie 
\) 
Nias 
fie NIE 
aN @ 


e 
be 
rH 
tm 
be: 
i 

t 


S aieamaeall 


oe aA. TIRE PTE MW RCRA SO EY eee er 


t 
C 


taki 


Se pate O27" 67 CURVE NO, 


Dect rete ne 26 ON RR RET RR OT OPIS EN NREL nH ENE SN a 


” SIGNATURE \7904* 


: For t768 @ 


i h ais eS: 


WESTINGHOUSE ELECTRIC CORPORATION 


|B RL 
SU Or a LIM iW Ys Me SL ; 
SER IS SER RENT REMERON TS SLI ET 3 


rites ds eden be 


i 


ret 


ne ee 


i 
= ial on cache wir vate 


a 


. ? 7 ¢ ‘ 
Seton ian er eerie ee 
ek is ri ae 

as es eee Se — 
TTT 


- +$. as eek 
fk RRS Bie . ees Lae BES EEe ERES REE NS 


i opeecel tow 


pagename ene Leto 


+ Re 


meres greens é): 


iit 
a earaeete ienaeeeet 


Om BLAS eS 


cate 7O°7-E T curve no. , He 


Peni cenenha ACAI NRE ON NS ree arcane beep nee et 


sianarurE JAW | 


; ee ee Bes LOO SETI Se AON Eee SRM ce re RE NO RG ET DL RE le SPN Sa as Ns 
. } MISO TEIRIST LICR Pao. OCI cor lot at ork = Tanto) ; 
i WESTINGHOUSE ELECTRIC CORPORATION 
; Srrorepic at 
i . CURVE NO ee ee ee ee 
t 


ws /t ATT 


od 


LLMTE 


Jeabiedsbacdadobecd eles 


de 


indy. 


a ay OP 


} 


tbe pop ates 


EFFELELENET - 


inp ag 


» rity i ie 4. ; ree t +. i ; 


LAAT ER 


seereiye 


zs 


+ 


a 


ss 


+ Tot 


ES Se eI el ES 


"tt 
8 le a 


f 


< 

4 

Pere 6 19 : 
Aimee mecemtand en. dh <ttdh me eramae enter ne Daeeambnad non wirh einen cole’ j 


O SIGNATURE (DATE se oe CURVE NOL es 


FowM wTSh ww 


WESTINGHOUSE ELECTRIC CORPORATION 
CURVE NG. eee ees 


ey 


hat al nha heen nm emshnenen Bimbanctine tba seetnt sre itera’ 


1 
t 
i 
i 
{ 
| 
% eo z= ; pa aN Se Arenas Be a? 
ed 
: 50 i 2 ILE eS ma 
i 
‘ 
} 
i . 
j 
re oe bhi CO eet gf oe ett SOUSMERWES SOGGN Auman Sepa e eee te 
{ 
c 
; 
I 
t 
i iG 
a 
! 
i ; 
* E ; 
i 
; i 
i 
t 
} 
Le 
| : T : Roan Wusceb wae 
eect : ‘aRS Sh ae ESE Bese ark fa a REE Lit. m3 } 
i SR Da By Jj npstein dg Let ad ; att ¥, f it it i 
| ear 
| RBCGuCre RRRSTURae RE RSSREMES FeneO aa ; 
| : : i 
SIGNATURE »7A AD __ pate 20+ /~- GZ curve no. ee 


